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Radiation Thermometry of Cold Rolled Steel Strips in
a Continuous Annealing Furnace

Tohru 1UcHI, Fumio TANAKA, Kunitoshi WATANABE, dkira EzAKI,

Masahiro MASUDA, Hisashi HIRATA, Tadashi INOUE and Hideo TAKAFUJI

Synopsis:

This paper describes the principle and an application of a newly developed radiation thermometry, which
can measure temperature and emissivity simultaneously, and also eliminate stray radiation coming from
heat sources.

The system of the method is composed of a radiometer and a reflecting mirror which are disposed sym-
metrically at an angle 6 with respect to the normal to the surface of a measured object. p value defined as
a specular reflection factor is important and substantial for this method.

This system was applied to a continuous annealing furnace for cold rolled steel strips at Nagoya Works

of Nippon Steel Corporation:

The accuracy was estimated to be within +10°C.
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Fig. 1. Principle of measurement. Temperature
and emissivity can be obtained from the measured
radiance, L, and L,.
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Fig. 2. Experimental result of the reflection char-

acteristics of a cold rolled steel sheet. (a) the

distribution pattern in the direction of the zenith

angle. (b) in the direction of azimuth.
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Fig. 4. Experimental result of p-invariant method.
(a) the data of L, and L,. (b) the relation be-
tween L, and 4L obtained from the.data. (cf.
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Fig. 5. Relation between 7', and T through p-
invariant method, where T, is the apparent tem-
perature of a specimen measured by a thermo-
couple and 7T is the true one corrected by p-in-
variant method.

RO 12T, (a)IXBE Db & TRk E
TLCWARBIcH L Ly, L, o bE5R3. (b)ik
(a)DEREL LB bt Ly & AL oG 7=,
b L. MR o RiiE Sy (1D R0 2 kWi oR
N2FREP LI D ThD. T ORERIL, KEBENSE
WIRCOWT ISR IO TWBE EREF LT 5.

P AT, BESHCHIE LR 0200 DR
BT, oORIECHBETSC LTt 5. Fig. 4 255 LY
RD, chE(IHRRALTABEROERE T
HELRS. COFRBREOEERVEL, TOKREY Fig.
SIRRLY:. Mol Ak oL T & T,
OBRTHS (1R, Tz T X {EWEETR
3. LR, BEXOETREE T. 1%, Fig. 5 2T
BIE L.
3.2 FERHFRYE p ORAE

3:2.1 BHEE 2 Lk 0 D p ~DEE

P2 ARQOBBTHH L 2 THRNN, &
SE@RICO\WT E 0 X 5 75 Bk, Fig. 3 0%
BAAVGTHEN . QIRNESO, LS 5—HE T

DY I, &5 —0¥FEER R L35 LERAT
EEINXS.
Q:2n<l~cos (tan-h?)) (Sr) weeeeininnnn (16)
(1), (2)Anb p BKATRDBRS.
Ly/L,—1 L,/L,—1

p_ra-1'2.(1—50j7=ra.12.(1_L1/T_Lb(T;jj...(17)
BHETIZ Ge (1=1.6 pm), PbS (1=2.2 pm) ¥ L O°
InSb (A=5pm) O 3WECTHS. KH:15-L LTS

DX LN T AEKE (7,=0.95), BB7 4 &2 L LT
WG (Ge, PbS H) & CaF, #dk (InSb M) % H
Wi, WFhd 7=0.93 Th B, (IR k - THE
BE T »L&FZTFORSHD Ly(T) nRkDHLh, B
W Ly, Ly EbEIBRXOTp 23R A. 20X
BEZRDLZ L X TE 2. Fig. 6 wiERa2mR
. p X 2 oEmEe, T 2 KRB ORT
K&ELiesh. ZORRIVEHCHLNTHS. Tihb
B, A DL B ERBIEE T O R A EE RS &
b, Fl 2 BNRELADBIEIBERE I 5 -0 LDOKE
BAKREL D, Lo, L M RTHZ L0 X

Fig. 6 o5 — sz e Hlit, K&t : 57— & LT ¥M
BEoRb b cMbigEaxEH LBE0ERTHD. 2127
FUThhE, BWHECIS p HLIZLAE-EKTHE
Ehbmote. Lasic, Fig. 7 w3+ Xxs5kc, £H
R/ R B, FHIE X WMESEOHNT IR T5.
TlhebbBHEOGE, WELHIIOOBM»EL SR

1.0 T T .
a | Specimen 4
“ 08 :Cold rolled steel
o008
o InSb /o’
E B 1 = 5 |Jm/° 7]
c 06k \\_° PbS i
e o  A=22pm ¢
o i /O/ \o/ T
L Lo o i
< 0.4 el
- R o/o or® B
6 ’°/°/o/°/\ Ge
=02 -°7 -1
3 -© A =16pm
v -~ .
a
m 0 ' l 1

.002 .005 Ke) 02 xx
Solid Angle N (Sr)

Fig. 6. Experimental relation between 2 and p.
p value increases with increasing 0.

N

Radiometer

Plane
Mirror

Radiometer Spherical
Mirror

Object Object

(a) (b)

Fig. 7. Comparison of a plane mirror and a spher-
ical mirror for a reflecting mirror. The latter is
suitable for practical use.
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Table 1. p values of cold rolled steel sheets.

2=2.4%x10-27(Sr)
Detector : Ge (1=1.6 pm)

Specular Steel grade
reflection factor A B c
P 0.573 0.521 0. 494
L;ﬁ - 0. 025 0. 050 0.044
(n=10)
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Fig. 8. Definition of average slope angle 6,.
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Fig. 9. Experimental result of the changes of e
and ¢, with oxidizing time of cold rolled steel

sheets. @, is stable in spite of emissivity change.
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Fig. 10. Experimental relation between 8, and p.
(see Table 1 and Fig. 9)
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Fig. 11. Measurement example during oxidation

of a specimen. The temperature error, 47, mea-
sured by the method is within +5°C for all the
observations.
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Fig. 12. Schematic diagram of Continuous An-
nealing and Processing Line at Nagoya Works.
(CF : Cooling furnace)

Table 2. Specifications of TERM-S installed
Continuous Annealing and Processing Line.

No. Items Specifications

1 Detector Ge (2=1.64+0. 16 zm)

2 Range Temperature : 250-500°C
/Emissivity 0.2-1.0
3 Accuracy +10°C

4 Protection of stray radiation Water cooled shielding flange

5 Dimensions
(1) Solid angle, 2 0.042 n Sr
( 2) Radius of the shielding 250 mm
flange, R
(3) Gap, H 50 mm

Table 3. Specifications Continuous Annealing and
Processing Line at Nagoya Works.

No. Items Specifications
1 Products Cold rolled steel strips
(Carbon <0.2%)
2 Dimensions of products
(1) Thickness 0.4-2.0 mm
(2) Width 700-1 600 mm
3 Line speed 31-310 mpm
4 Production 55000 t/Month

Photo. 1. ERM-S system installed at Continu-
ous Annealing and Processing Line. A reflecting
mirror and a rotating sector are settled inside the
chopping unit chamber.
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[ 5
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Contact $
Thermometer
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| Je————Throat Portion ———»-

Fig. 13. Schematic diagram of TERM-S online
system installed at the throat portion of a conti-
nuous annealing furnace.
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Fig. 14. Example of online measurement by
TERM-S. Both temperature and emmissivity
are continuously indicated.
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Fig. 15. Accuracy of temperature measurement of
the online system. The difference between the
temperatures of TERM-S and the contact type
thermometer is within +10°C.
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@QOR L (Kb

AL (T) deg

L_b(iTj‘z_T:Zei T €2 )
Laaiwe, Ly(T) ixxkod WIEN oKX THEz LR 5.

Ly (T) =cy- 2-5-€Xp(—a/A-T) weerevvsevrenns (22)
o, 6=3.7413x 104(W: cm~2. gm?)

c;=1.4388 x 104 (pm-K)

21, @22)KRxH

AL(T) & AT PN 4:))

L(T) 2T T
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@k E 2L (YK RALT, HEHERET L DT
BT pEOENTOEBHORKIERXKATRRL S C
ERTES.

L@‘ zﬂﬁgQ ,ﬂ,leE|
p lwax \Lpy/Li—ljmax  1—eg A-T | T o
N 1)

%%@@'ICAETMIA(M/L1)|=O01, LZ/LILT'I"?'"AT‘max
=3(K), T=508+273=781(K), &7=0.35, 1=1.6
(pm), ¢,=14388 (pm-K) THB L, ThbOKMHE
# (24) Ko fo A3 A,

Ap B 1 PRI ¢'4))

max

5. ERCHME L plEo M ZEH L Table 1 i«
AT Eowr 0.05 D Th o BMEMK I AL
Hamt O EEL (2R L5k Kk 0.06 ThHB
b, MEZBEELWHETHS. LELHL2T, p ED
BEOMME#IA /I vWEELZLRS.

— T, 7, T, p DEBC IOTHEL S HMAE, BE
DREBEX LN TREKD LSBT ENBELHCED

ha.

deg (1 > _4k

o <€0 1 p (26)
4T 2-T /1 Ak
7‘_}z<w“0.k . coreeenenene (27)

L,

1)

2)

10)

11)
12)

13)

Ak ot Ara AT Ap Cac s rer vnn s nnna
k _< Ta +2 T * b > (28)
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